The present status of strange meson spectroscopy is reviewed with emphasis on the results obtained with the LASS spectrometer at SLAC. The systematics of the level structure are&cussed with respect to quark model expectations, and the impact of the proposed KAON Factory on the future of the subject considered.
I. INTRODUCTION
This paper presents a brief review of the status of strange meson spectroscopy. In section 2, after some initial remarks concerning spectroscopic notation and terminology, the experimental results relevant to the level structure are summarized and the main sources of information briefly discussed. The contributions from LASS are presented in greater detail in section 3, since they represent the only recent new information on the subject. In section 4, the systematics of the level structure are considered. Finally, section 5 contains concluding remarks together with some comments on the future of the subject.
STATUS OF THE SPECTROSCOPY
A principal objective in studying meson spectroscopy is the precise definition of the level structure of the anticipatedmeson states. In this regard, the strange sector is particularly favored since it is free, not only from the need for isoscalar-isovector separation, but also from confusion resulting from the possible production of e.g. h'r molecule and/or glueball states. The light quark level structure is related to the nature of the longrange (i.e.confining) part of theinteraction, and thus, in principle, provides information on non-perturbative QCD. In practice, it enables us to learn about QCD potential models incorporating relativistic corrections.'
The quark model level diagram is expected to take the form* illustrated qualitatively in Figure 1 
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[t 11 C. t 11 spin and orbital angular momentum, respectively, and C indicates the charge conjugation parity of the resulting meson state. The para-charmonium levels are singlets, whereas the orthocharmonium levels, other than 3S, are triplets separated in mass due to spin-orbit interaction. Within each column, the lowest-lying state is the ground state, and the higher states correspond to radial excitations of this state. By convention, the leading orbital excitations are the ground states with largest total angular momen&m, J, and, for the triplet levels, the remaining states are termed the underlying states. In e+ e-collisions, the 'S tower of states is readily accessible, while information on the leading orbital excitations with J 1 3 is lacking, and that on the corresponding underlying states is sparse. Results of a complementary nature are obtained from hadronic interaction experiments, where production of the leading orbital states predominates, and precise information on the underlying and radiallyexcited states requires careful amplitude analyses of high statistics data.
A somewhat optimistic summary of the observed q ij 
FIGURE 2
The quark model level diagram summarizing the status of strange meson spectroscopy; the C parity is that of the neutral, non-strange members of the relevant SU(3) multiplet.
perhaps O-signals in the 1.7-1.8 GeV/c* mass region. The l+ state is a radial excitation, while the 2-state is the K2(1770) which belongs to the 3D ground state triplet.
The Kw system has been studied only with low statistics:"' however the LASS collaboration is presently analyzing a data sample consisting of N 120,000 events; the corresponding Kw mass distribution is shown in Figure   3 . Preliminary results indicate that the low-mass peak is mainly 1+ with some 2+, and that the bump at * 1.75 GeV/c* is made up of l+, 2-and 3-contributions.
The diffractively-produced charged Km system has been studied in detail in two large experiments."" The mass spectrum is qualitatively similar to that of Figure 3 , and, although the amplitude content is somewhat the same, there are significant differences. Firstly, the low-mass l+ structure is resolved into two states, the KI (1270) and the Kr(l400), which are further shown to be superpositions of the underlyingstates; it is these underlying states which are plotted in Figure 2 .
The K-w mass distribution from the reaction K-p --) K-w p measured with the LASS spectrometer.
Secondly, the Km system contains a significant O-amplitude centered at w 1.4 GeV/c2; the corresponding state is interpreted as the first radial excitation of the K meson. Finally, the Km analyses yield no evidence for .3-production in the 1.75 GeV/c2 region, although the LASS analyses described in the next section indicate that such a contribution must be present.
The additional information from the LASS experiment on the natural parity strange meson (i.e.K') states shown in Figure 2 will be discussed in the next section. and of the K-A+, p*-and K-7 systems produced in the reactions
and K-p+K-r/p ; (4) these analyses are discussed in detail in refs. 14-17 respectively, and so only the main features will be summarized here.
The analysis of reaction (1)14 yields the intensity distributions of Figure 4 
FIGURE 4
The natural spin-parity intensity distributions obtained from the amplitude analysis of reaction (1).
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FIGURE 5
The in tion ofdF.
ividual isobar contributions to the Iigure 4; the curves are described in re . 14. pjstributhe K'2(1430), the h"a(1780) and the K'd(2O6O) are observed in the 2+, 3-and 4+ distributions, respectively. The 2+ distribution exhibits a second peak at * 2 GeV/c2, while the l-distribution has a shoulder at w 1.4 GeV/c2 followed by a peak at * 1.8 GeV/c2. The K'(t392)r and fTp (770) MeV/cZ) approximately decouples from the Kp channel, and its production characteristics indicate weak coupling to KT also; it is most readily interpreted as the first radial excitation of the h"(892). The second state (M=1735&30, I=423f46 MeV/c') may be the underlying member of the 3D ground state; however its mass is greater and its width significantly larger than that obtained from reaction (2)" so that it could be a mixture of this state and the second radial excitation of the K'(m).
A similar fit to the 2+ data yields mass and width estimates of 1973 f 33 and 373 f 93 MeVfc2 respectively for the higher mass state, which corresponds most probably to the first radial excitation of the K'(1430),"' although it may also be a partner to the K'r(2O6O) in the F wave ground state triplet.
The raw K-r+ mass spectrum for reaction (2) is shown in Figure 6 ; the shaded region corresponds to events with M(n rr+)> 1.7 GeV/c2. In addition to an GeV/c2. The state described by the BW is the 3Ps partner of the K'(1430). Above 1.8 GeV/c2, there are two S wave solutions, as shown in Figure 9 . Both resonate in the 1.9-1.95 GeV/c2 region, have width N 0.2 GeV/c2 and elasticity w 0.5. In the quark model such a state can only be the first radial excitation of the 3Pa ground state.
Finally, the behavior of the P wave ??rr scattering amplitude from reaction (2) is shown in Figure 10 The raw K-r+ mass distribution for reaction (2); the shaded region corresponds to events with M(n rr+) 1
1.7
GeV/c2. 
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FIGURE 8 FIGURE 10
The behavior of the S wave rrr scattering amplitude up to 1.6 GeV/c2 from reaction (2); the curves are described in ref. 15 .
The behavior of the P wave rr scattering amplitude up to 1.8 GeV/c2 from reaction (2); the curves are described in ref. 15 . MeV/cs) of elasticity u 0.39 which is readily interpreted as the 3Dr ground state.
The production mechanism for reactions (1) and (2) is predominantly unnatural parity, helicity zero exchange.
In contrast, the prr-system in reaction (3)'s is produced mainly by natural parity, helicity one exchange (cf. Figure 11) . Nevertheless, a description of the mass dependence of the resulting amplitude and phase data requires the same P, D and F wave resonance structure found for reactions (1) and (2). This is illustrated in Figure 12 , where the solid curves correspond to three P wave resonances, two D wave resonances, and one F wave resonance. Clearly, these structures are required in order to reproduce the relative phase motion, and the parameter values obtained from reaction (3) agree well with those obtained from reactions (1) and (2).
Reaction (4) has been measured with large statistics
for the first time in the present experiment, and the resulting K-t) mass spectrum is shown in Figure 13 . An amplitude analysis of the K-r] system " has established that the peak at 21.8 GeV/c2 results from production of the h"3(li'8O) (cf. Figure 14) . This, together with the results of a similar analysis of reaction (3):s yields a branching fraction to rrl of 7.7&1.0%, in accord with SU(3). SU(3) predicts also that K' states of even spin couple only weakly to Kq. This is confirmed by the D wave intensity distribution of Figure 14 . No K's(I430) signal is observed, and a 95% confidence level upper limit on. the branching fraction is established at 0.45%. This value is an order of magnitude smaller than that obtained from previous low statistics measurements. A further implicationof this result is that O+ K's should couple only weakly, if at all, to the KI) channel. This is consistent with the observation (Figure 8 ) that the S wave K-n+ scattering amplitude appears to be purely elastic up to N 1.5 GeV/c2, which is well beyond Ifr] threshold.
SYSTEMATICS OF THE LEVEL STRUCTURE
parity but the same value of the (orbital+radial) excitation quantum numbers. A notable exception involves the S wave ground states; this suggests that the spinspin interaction is large only in this configuration.
A general feature of Figure 2 is that the level struc-
The leading orbital excitations lie on almost degenture appears to depend in first approximation only on erate Regge trajectories. However, the trajectory slope principal quantum number value; i.e. there is approxappears to differ for the natural and unnatural parity imate mass degeneracy of states having different spinstates, being 0. 
FIGURE 11
The mass dependence of the leading K' amplitudes from reaction (3); the subscript indicates that production is via helicity one natural parity exchange in the t channel. 
FIGURE 12
The mass dependence of the relative phase between the P-D and D-F amplitudes of figure 11 : the solid curves are described in the text; the dotted curve is obtained if the second D wave resonance is excluded: the dashed curve is obtained if the small P wave resonance at N 1.4 GeV/c' is excluded. 
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FIGURE 14
The total F and D wave intensity distributions from reaction (4); the F wave curve corresponds to a -3 (1780) BW; the D wave curve indicates the 95% confidence level limit on K*2 (1430) production. 0.65-0.7 (GeV/cz)-2 for the latter. A consequence of this difference is that the relative level structure in the ground state triplets changes with increasing mass such that the unnatural parity state appears to move through the natural parity doublet (cf. Figure 2) . This is indicative of a complicated spin-orbit interaction which may even be impossible to reproduce in the context of a potential model. In particular, the P wave triplet structure is very different from that observed for the xc or high with respect to the corresponding measured mass value. Also, for the 3S1 and 3P~ levels the expected splitting between the ground state and first radial excitation is -650-680 MeV/c2, whereas it is observed to be -500-550 MeV/c2. It should be noted also that for the 3Sr states this splitting is predicted to increase from the charmonium to strange meson sector; it appears actually to decrease by -70 MeVJc2. In summary, although a potential model such as that of ref.1 seems to be in qualitative agreement with the level structure of Figure 2 , there would appear to be several areas which are quantitatively unsatisfactory. It would therefore be of interest to attempt to adjust the parameters of such a model in order to learn the extent to which these discrepancies can be removed within such a framework.
._._ - (vi) that such a program need not involve a large number of physicists and graduate students.
In the next ten years, it would be desirable to push such a program to a significantly higher statistical level, while maintaining the uniform acceptance which characterizes the LASS experiment. This would imply an experiment of something like five billion triggers. Such experiments are already contemplated at Fermilab, (e.g. E791) and it seems that the data processing, storage and retrieval needs can be met. The level structure of Figure 2 would be significantly refined by such a program, and that in the strangeonium sector would be carried well beyond the present-day understanding of the strange sector. In addition, a programmatic study using pion beams should be carried out in order to similarly advance the understanding of the isovector and non-s3 The programmatic approach to the study of meson spectroscopy over the last twenty years or so at SLAC has proven its worth. However, there is much that remains to be understood, and it would seem that this greater understanding can only be achieved by means of the higher level, long-term program embodied in KAON, and consequently that the future of the subject is intimately bound to the approval and construction of this facility.
